Many papers have recently discussed the value of a free sorting method as a rapid and simple alternative to quantitative descriptive analysis, considered the reference tool for food sensorial characterization. The aim of the present paper is to evaluate whether this method of free sorting can also be used to investigate the influence of processing parameters. An experimental design was applied to production conditions of enzymatic hydrolysates from salmon by-products. The effect of four processing parameters (time and temperature of hydrolysis, sugar and antioxidant addition) on the odor of the hydrolysates was studied using a sorting task with 45 untrained panelists and a quantitative descriptive analysis carried out with 11 trained panelists. This study on 21 enzymatic hydrolysates confirms the similarity of the two sensory maps and shows the value of free sorting in the sensory characteristic description step, especially to avoid missing some descriptors. It also highlights in this example that a holistic approach as sorting can reveal more easily than profiling the significant effects of process parameters on sensory characteristics and the relationships between sensory dimensions and instrumental measurements of volatile compounds.
Protamex (Novozymes, Bagsvaerd, Denmark) was added to the mince (0.15% w/w) under 102 different processing conditions. After hydrolysis, all biological reactions were stopped by 103 heating at 95°C for 30 min and samples were centrifuged at 9800 g at 15°C for 30 min. For 104 each processing condition, the aqueous phases collected were separated and sampled into two 105 100-ml plastic flasks for further sensory evaluation, quantitative descriptive analysis and free 106 sorting. All samples were stored at -80°C until evaluation. 107 108 2.1.2. Experimental design 109
An experimental design, based on the Doehlert design completed by some specific 110 experiments, was performed to study the effect of four different independent variables; 111 temperature (from 30°C to 60°C) and time of hydrolysis (from 30 min to 470 min), addition 112 of sugar (xylose, industrial grade, provided by Danisco, Surrey, United Kingdom) or natural 113
antioxidant (a commercial mixture of natural tocopherols and rosemary from the company Jan 114
Dekker International, Wormerveer, the Netherlands) to the mince. This required the 115 preparation of forty samples (Kouakou et al. 2013) . A supplementary sample was introduced 116 as a control in sessions of descriptive and quantitative analysis. This control sample was 117 prepared without enzyme at a temperature of 60°C, with a process time of 360 min, without 118 sugar and antioxidant. Thus, 41 samples were finally obtained. 119
It seemed difficult to carry out a sorting task on such a large number so a selection of a 120 sample sub-set, representative of the entire set of hydrolysates, was compiled. A sorting task 121 on odours of around twenty samples was considered achievable. The selection was based on 122 the D-optimality criterion, which consists in selecting the 20 products from the 40 candidates 123 such that det ((X T X) -1 ) is minimal. Linear, quadratic and first order interaction terms for the 124 four processing variables were used to compute the X matrix of experiments. This criterion is 125 equivalent to minimising the generalised variance of the estimator (Atkinson and Donev 126 1992) . In order to achieve this selection according to the D-optimality criterion, an iterative 127 procedure based on the Fedorov exchange algorithm (Fedorov 1972 ) was used. The control 128 sample was also added so 21 samples were finally presented for the sorting task (Table 1) . 129 130
Sensory evaluation conditions 131
The two sensory methods were performed in the same conditions, in individual partitioned 132 booths controlled for temperature (20°C) and light (day light, T=6500°K). For the descriptive 133 and quantitative method, data were collected with a computerised system (Fizz, Biosystèmes, 134
Dijon, France). The day before the sensory test, samples were thawed overnight at 2°C. Then, 135 the possible difference in colour between samples was masked with a black colouring agent, 136 neutral in smell. About 8 ml of each hydrolysate was poured into a polystyrene crystal flask, 137 assigned a 3 digit-number and kept at 18°C before the test. 138 139
Sensory methods 140
Two experiments were performed (1) a free sorting with forty-five untrained panellists, (2) a 141 quantitative descriptive analysis with eleven trained panellists. 142 143 2.3.
Sorting technique 144
Untrained panellists 145
The panel was recruited from staff and students of the two research organisations involved in 146 the project, 19 from Ifremer and 26 from Oniris; these 45 people were panellists untrained on 147 hydrolysate products and had no previous experience of this product. However, they could be 148 qualified as initiated in sensory evaluation because they sometimes take part in food tests. 149
Taking into account the results of previous studies, which showed that the stability of a 150 sorting map can be influenced by the complexity of the task and which recommended at least 151 25 people (Faye et al. 2006) From the sorting task, a measure of dissimilarity between two stimuli was considered as the 229 number of subjects who separated these two items into different groups (Faye et al. 2004 ).
230
This dissimilarity matrix was submitted to a Multidimensional Scaling technique (MDS) 231 which provided a factorial configuration of the stimuli and exhibited the main sensory 232 dimensions of the set of products. A non-metric procedure was used, considering that 233 dissimilarities have only an ordinal interpretation (Borg and Groenen 2005) . In order to assess 234 the stability of the resulting configuration and to evaluate whether products were perceived as 235 significantly different from a sensory point of view, confidence ellipses were built using a 236 bootstrapping approach according to the procedure described by Courcoux et al. (2011) . 237 Cadoret and Husson (2013) showed that ellipses built by a method based on total bootstrap 238 can be interpreted as confidence areas. The volumes of ellipses inform on sensory distances 239 between samples but also on variability between panellist evaluations. 240
To analyse the sensory characteristics of each product, the terms used for one group were 241 associated with each product of the group. A general matrix (products x terms) with the 242 number of occurrences of each term for describing each product was generated from the entire 243 panel. Then, the terms with the same meaning were grouped together by the panel leader and 244
those that appeared less than three times for one product were removed from the final matrix. 245
Correlations between each term and each MDS dimension were computed in order to provide 246 an interpretation of the underlying dimensions. 247 248
Profiling data 249 Sensory data were submitted to two-way analysis of variance (ANOVA) with products and 250 panellists as independent factors in order to identify significant product effects and descriptors 251 involved in this discrimination. Significant differences between means were determined using 252
Duncan's multiple range test (p < 0.05). A principal component analysis (PCA) without 253 standardisation was performed on the means of the sensory scores of each product and each 254 descriptor using XLSTAT for Windows version 2012 (Addinsoft, Paris, France). As for the 255 sorting data, a procedure of total bootstrapping was applied to set up the confidence ellipses. 256 257 2.5.2. Relation between volatile compounds and sensory data 258
After an identification step, the volatile compounds were grouped according to their probable 259 origin (lipid oxidation, Maillard reactions, fermentation, marine environment, other origin) or 260 according to their main chemical structure (hydrocarbon, alcohols, aldehydes, ketones, acids, 261 furans, sulphurs, pyridine and thiazol). For the two types of classification, the sum of the peak 262 areas for each volatile compound gathered in each group (origin or structure) was calculated. 263
Global matrices (products x volatile compound groups) were obtained. Correlations were 264 calculated between each volatile compound group and each dimension of the product 265 configuration for the sorting task and profiling procedures 266 267 2.5.3. Effect of process parameters on sensory properties of hydrolysates 268
The effect of process parameters on sensory dimensions was assessed by means of ordinary 269 least squares regression (OLSR). For the two sensory procedures (sorting task and 270 quantitative descriptive analysis), the three sensory dimensions were regressed on the factors 271 of the experimental design, using a quadratic model. The resulting regression coefficients are 272 interpreted as the quantification of the main effects of factors, interactions between these 273 factors, and quadratic effects. As the process parameters are not expressed in the same units, 274 the regression coefficients are not directly comparable so the t-values were computed to check 275 the significance of these coefficients. An absolute value of t higher than 2.5 indicates a 276 significant effect of the parameter at the 0. The first plane of the MDS applied on free sorting data represented 81.2% of the total inertia. 285
The first axis showed a clear discrimination between two main groups of products (Fig. 1a) . 286
One of these groups was constituted of twelve products, with the highest coordinates along 287 the first axis. The dimension 2 allowed the separation of three different groups; one group 288 with samples 39, 38 and 20, another including samples 35, 37 and 40 and a specific group 289 with the sample number 3. Fifteen attributes were used to describe these groups. The 290 correlation of these attributes with the MDS dimensions enabled an interpretation of the main 291 sample characteristics (Fig. 1b) . On the first dimension, criteria of roasted, brine, cooked and 292 fat fish were associated with the group of twelve products and, at the opposite, seaweed, lean 293 fish, crustacean and sulphur for a second group of products. The attribute "cheese odour" had 294 the highest correlation with dimension 2 and explained some differences between samples. 295
On the first dimension, sample 3, for example, showed a roasted characteristic like the other 296 samples of this group but the position on the second dimension (negative coordinate) 297 indicated at the same time a distinct characteristic, namely a cheese odour in this sample. This 298 specific odour was probably the reason for the separation from the other "roasted" samples. 299
Samples with a negative coordinate on the first dimension presented a larger distribution of 300 location along the second dimension. From the top to the bottom, samples were associated 301 with marine and crustacean characteristics and, to a lesser extent, chemical (samples 38 and  302 39) and to sulphur, seaweed and spoilage odour for samples located on the bottom left side of 303 the figure (35, 37 and 40). The third dimension (not presented) added some information in 304 terms of sample discrimination and allowed a separation of samples 20 and 41 from the 305 others. The terms most frequently associated with these two products were the same as those 306 observed in dimension 2; marine, crustacean and also chemical. However, a detailed study of 307 the description data (Table 2) showed that, compared to samples 38 and 39 on one hand and 308 to samples 35, 37 and 40 on the other hand, the frequencies of attributes quotations used for 309 these two products were different. For example, a marine odour was more frequently 310 described in samples 20 and 41 than in sample 40, while the sulphur odour in contrast was 311 less often noticed compared to samples 35, 37 and 40 but more than in sample 38. The fat fish 312 descriptor was also used with different frequencies, more often than for samples 35 and 37 313
and less than for sample 38. 314
Descriptive and quantitative analysis results 315
Data from profiling were submitted to a two-way analysis of variance with panellists and 316 products as independent factors. This treatment identified significant differences between 317 products and descriptors with the most discriminative power. Comparison of F values for the 318 product effect showed that roasted odour had the highest followed, in decreasing order, by 319 sulphur, global intensity, fat fish, dried fish, potato, marine, rancid and odour of fish in brine. 320
The first plane of the unstandardised principal component analysis (PCA) accounted for 321 85.3% of the total information (Fig. 2a) . The first axis (75.1% of total inertia) was mainly 322 created by the criteria roasted, dried fish, global intensity, marine and fat fish while sulphur, 323 fat fish and marine odours were mostly involved in the creation of the second component 324 (10.25% of the inertia) (Fig. 2b) . A clear discrimination between samples appeared on this 325 plane. Along axis 1, two groups of products were separated, according to the global intensity 326 of the odour as well as the intensity of roasted and dried notes. As in the sorting procedure, a 327 group of nine samples was found on one hand and a group of twelve samples on the other 328 hand. The second axis presented a more fuzzy separation even though extreme samples were 329 identified. Sample 35 was clearly characterised by a sulphur odour whereas samples 20 and 330 41 had a strong intensity of fat fish odour. The location of the other samples on this axis was 331 mainly modulated by the intensities of these two descriptors. Dimension 3 of the PCA (not 332 shown), created mainly by the descriptors brine note and potato odour added further 333 information to discriminate samples 39, 38 and 14. A specific potato odour, associated with 334 low dried and brine notes allowed these samples to be separated from the others. 335
Comparison of the two sensory maps 336
On the whole, the two procedures led to the same overall conclusion regarding product 337 discrimination. The three-dimensional configurations obtained after running MDS on the 338 sorting data and PCA on the profiling data led to an RV-coefficient equal to 0.81, i.e. good 339 agreement between configurations. Whatever the sensory test used, the first dimension 340 allowed the discrimination of the same two groups of products. One gathered fish 341
hydrolysates with a dominant roasted odour while the second group, which showed a larger 342 within-group variability, was constituted of products with odour characteristics other than the 343 roasted note. The descriptors used in the sorting procedure to qualify this group were 344 chemical, marine, crustacean, seaweed and sulphur odours while for the profiling test, fat fish, 345 marine, rancid, sulphur and potato odours were used. In the two procedures, confidence 346 ellipses for samples 20 and 41 were separated from those of samples 35, 37 and 40. However, 347
only the profiling test highlighted the difference between sample 35 and products 37 and 40 348 and showed the specific potato odour of sample 39. Moreover, with the quantitative and 349 descriptive analysis, it is possible to observe a gradient of intensity among samples with 350 roasted note. Indeed, Fig. 2a shows different locations along the first axis for "roasted" 351 products, in relation to the intensity attributed to this descriptor by the panellists. This 352 information was completely masked in the sorting task; panellists sorted products according 353 to the main odour characteristic, probably without taking into account its intensity. 354
Nevertheless, although profiling could appear a more discriminative procedure, it is important 355 to keep in mind that the step of descriptor selection is essential in the procedure. The example 356 of sample 3 illustrates this point. This product was closer to the "roasted" group in the two 357 configurations (sorting and profiling) but appeared significantly different from this group. If 358 in sorting procedure the term "cheese" odour was the descriptor the most often used to qualify 359 this product, in profiling, no descriptor allowed to identify this characteristic. Indeed, no 360 similar product was present in the range of samples used during the attribute selection step 361 and therefore this special characteristic of cheese odour was not identified. In this case, the 362 sorting task gave more detailed information. 363 364
Sensory map and relationship with volatile compounds 365
The study of the relationships between sensory characteristics and volatile compounds was 366 undertaken in order to find possible explanations for the description of hydrolysate odours.. 367
In the case of the sorting procedure, the first dimension of the product configuration showed a 368 high correlation with the group of volatile compounds identified as Maillard reaction products 369 and of marine origin (Table 3 ) which probably explains the roasted note associated with this 370 dimension. The main group of compounds correlated with dimension 2 was the fermentation 371 origin group since the oxidation group was weakly linked to this dimension. This correlation 372
was mainly due to sample 3, previously described by a cheese odour. The compounds 373 identified in this sample were mainly alcohols (not shown). Regarding compounds from lipid 374 oxidation, the best correlation was observed with the third dimension. For the two groups of 375 hydrolysates identified on the first dimension, with and without sugar, a large distribution of 376 the samples along dimension 3 can be noticed. A general trend of increasing lipid oxidation 377 compounds from the bottom to the top of the dimension 3 was observed (not shown) and 378 seems to explain this correlation. 379
With the profiling procedure, the first dimension of the product configuration showed the 380 same correlation with Maillard and marine origin compounds as the sorting task as well as a 381 correlation between compounds from fermentation and dimension 2. However, compounds 382 from lipid oxidation did not show a clear correlation with any dimension. In this case, the 383 discrimination between samples within the same group, i.e. with and without addition of sugar 384 as described in the next subsection, was less clear and the relationships with compounds from 385 lipid oxidation were weaker. This could be an effect of the profiling procedure; some 386 descriptors, such as the roasted note, would be easier to detect and perhaps contribute to 387 masking or to giving less importance to some attributes such as fat fish or rancid notes. In the 388 profiling test, the distribution of samples according to roasted intensity, along dimension 1, 389 was clear for hydrolysates with sugar, and along dimension 2, according to fat fish intensity 390 and sulphur odour, for hydrolysates without sugar. However, no common dimension enabled 391 a simultaneous distribution of the two groups of products, as in sorting. 392
The study of the chemical structure of compounds did not add any more relevant information. 393
Aldehydes, ketones, furans, acids and sulphurs were associated with compounds from the 394
Maillard reaction and alcohols with a fermentation origin (data not shown) but further 395 differences between the two procedures were not highlighted. 396 397
Sensory map and relationship with processing parameters 398
The effects of processing conditions on sensory characteristics were investigated using a 399 quadratic model of regression on each of the dimensions obtained in MDS or PCA 400 configurations. This model, previously used for the selection of products, involved the main 401 effects, interaction effects and quadratic effects of these factors. This analysis also identified 402 the significant effect by the t-values computed during the regression. These t standardised 403 values were represented on each of the configurations to highlight the main parameters 404 involved in perceived sensory properties. For the sorting task, the first dimension illustrated 405 the high effect of sugar as well as the quadratic effect of sugar (Fig. 3a) . This variable 406 explained the separation of samples into two groups along this axis, one with a strong roasted 407 odour and the other without. The quadratic effect of sugar illustrated a non-linear relation in 408 the perception of roasted odour. In fact, as previously described by Kouakou (2013) that, for the same hydrolysis temperature, the choice of hydrolysis time modulated odours: for 421 example, sample 40 was produced at 60°C for 30 min and presented sulphur, seaweed and 422 spoilage characteristics whereas sample 41 was also hydrolysed at 60°C but for 360 min and 423 its odour was qualified as marine and fat fish. 424
With the sensory profiling data, the regression of each dimension of the PCA on the design 425 factors also showed highly significant linear and quadratic effects of sugar as well as a 426 quadratic effect of hydrolysis time (Fig. 4a) . The quadratic effect of time and the time-427 temperature interaction were also identified as significant effects (p < 0.10) (Fig. 4b) . 428
Compared to the results obtained from the sorting data, the temperature and the time-sugar 429 interaction were not identified as factors with a significant explanatory power. 430
For the two sensory procedures, sorting task and profiling method, the linear and quadratic 431 effects of sugar were identified as the most significant on hydrolysate sensory properties. It 432 seems that the addition of sugar to hydrolysates led to the same global and dominant 433 characteristic of roasted odour whatever the temperature or the time of hydrolysis. We can 434 suppose that this major effect of sugar limits the analysis of other factor effects. However, it is 435 possible for the two data sets to highlight the quadratic effect of hydrolysis time and the time-436 temperature interaction. 437
The sorting task data analysis pointed out a significant effect (p < 0.1) of hydrolysis time-438 sugar interaction that was not revealed by profiling data. The assessment of sample 3, 439 prepared with sugar and corresponding to the highest level of time factor, probably explains 440 this result. Moreover, this sample was better discriminated in the sorting task than in the 441 profile test and therefore could contribute to identifying this significant effect. A temperature 442 effect was also observed using the sorting data whereas it was not shown with the profiling 443 data. We can suggest that the scoring of selected descriptors led panellists to recognise and 444 score easily some criteria, such as the roasted note, and perhaps give less importance to the 445 other attributes whereas panellists in the sorting task had more freedom in their assessment 446 and could take into account the global perception of the sample without any influence of one 447 particular characteristic. Dimension 3 (not presented) where the temperature effect was 448 identified, confirmed for the two groups of samples, with or without a roasted note, a 449 distribution of the products according to the temperature, high at the top and low at the 450 bottom. It can also be noticed that sample 41 without enzyme stayed close to samples with 451 consuming than the classic descriptive and quantitative analysis while still producing 466 meaningful product configurations, even with untrained panellists. Our study on odour 467 characterisation illustrates this value and also shows that when descriptors are missing in the 468 final list of attributes submitted to panellists, not having been identified during the selection 469 step in profiling, free sorting can be more informative. In fact, the sorting task takes into 470 account the whole space of products to find attributes and can therefore be an interesting step 471 to describe sensory characteristics, even though some authors (Varela and Ares 2012, Chollet 472 et al. 2011) have emphasized that the description by untrained panellists could be less detailed 473 and sometimes more difficult to interpret. Varela and Ares (2012) also highlighted that 474 descriptive analysis was more appropriate to identify small differences between products or to 475 detect differences in intensity and therefore could not be replaced by these new techniques. 476
The results of our case study agree with this fact. For example, panellists who scored the 477 roasted note in salmon hydrolysates during profiling were able to discriminate the intensity of 478 this odour while panellists who did free sorting were not. 479
From a practical point of view, the assessment of sensory characteristics by a free sorting task 480 could be considered a relevant technique to obtain information for companies with no time to 481 train a sensory panel and sufficient to identify the main sensory properties in product 482 development. If more accurate information is needed, such as the intensity of the roasted 483 odour in our study, it could easily be provided by a task like the ranking technique. 484
Regarding the use of a free sorting task for product development and the choice of process 485 parameters, the results of this study on hydrolysates from salmon by-products show that this 486 procedure can highlight process effects more easily than conventional profiling. The 487 temperature effect observed using sorting data but not profiling data, as well as the better 488 correlation between oxidation compounds and dimension 3 in the free sorting configuration, 489 could suggest that a natural task of sorting without any fixed sensory vocabulary can offer 490 more freedom in the panellist assessment and can take into account a global perception which 491 sometimes allows more discrimination. The holistic approach of the sorting procedure shows 492 the power of this tool based on a natural task of difference perception, which does not require 493 any conscious evaluation or analytical quantification as in profiling. 494
However, although free sorting or a more sophisticated approach such as taxonomic free 495 sorting can appear attractive in the industrial context of product development, the method 496 seems less accurate for evaluating the intensity of sensory characteristics. Moreover, the 497 number and characteristics of products to be assessed in the same session could be a 498 restrictive factor. Some adaptations to these tests must be developed to allow a more general 499 use. Nevertheless, this procedure is an attractive test which could be easily used in industrial 500 applications, not only to obtain sensory characteristics but also to optimise a process. In the 501 case of hydrolysate production from salmon by-products, the addition of sugar to modify and 502 mask fish odours has successfully been identified using this method. 
